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Abstract 
The relationships between seven soft agricultural commodities, namely cocoa, coffee, corn, cotton, soyabean, sugar and wheat; 
and the FTSE/JSE Top 40 Index will be investigated. The relationship between the seven commodities and the FTSE/JSE Top 40 
Index against the South African Rand (versus the United States Dollar) will also be investigated to determine the impact of the 
variables on the ZAR. The analysis of the variables will include correlation, regression, vector autoregression and the Johansen 
cointegration test to determine linear interdependencies among the variables. The results indicate that there is a cointegrating 
relationship between the both relationships investigated. 
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1. Introduction 
 
Relationships in financial data, both positive and negative have an impact on the investing decisions individuals 
make. These relationships provide an indication of diversification opportunities available in both traditional and 
alternative investments. A second aspect of these relationships is that is can provide possible cross hedging 
opportunities. The determination of significant relationships between datasets is one of the first steps to determine if 
cross hedging opportunities are available between selected datasets. 
 
The financial datasets chosen for the study are seven soft agricultural commodities, namely cocoa, coffee, corn, 
cotton, soyabean, sugar and wheat, the FTSE/JSE Top 40 Index and the South African Rand (versus the United 
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States Dollar), denoted as ZAR. These commodities were chosen as they are part of the international benchmarks for 
soft agricultural commodities. 
 
The objective of the study is to determine the following the significant relationships: 
x Seven soft agricultural commodities against the FTSE/JSE Top 40 Index  
x Seven soft agricultural commodities and the FTSE/JSE Top 40 Index against the ZAR 
 
The analysis will encompass correlation, single and multiple regressions, vector autoregression and Johansen 
cointegration test to determine significant relationships that will be used for a further study to identify causality. 
 
The remainder of the paper is structured as follows; part 2 provides a brief review of current literature. Part 3 and 4 
discussed the methodology and explanation of the data. Part 5 illustrates the results and interprets the findings. The 
final part, part 6, discusses the conclusion and implication of the study. 
 
2. Review of the literature 
 
Commodity prices are used in the analysis of a wide array of datasets. Investigations are done between the effects of 
prices of different commodities, both in the spot price and future price, however limited studies are done in the 
South African market comparing the commodities to an equity market index and ZAR.  
 
A previous study to identify the relationship between metal commodities, specifically, copper, palladium, platinum 
and silver showed a cointegrating relationship with the FTSE/JSE Top 40 Index. A cointegration relationship was 
also present between the ZAR and the FTSE/JSE Top 40 Index and four commodities. The cointegration was tested 
using the Johansen cointegration test (Le Roux [10]). 
 
Schaling, Ndlovu and Alagidede [14] investigated if the ZAR is a commodity currency using nominal data, namely 
the monthly USD ZAR nominal exchange rate and the non-fuel commodity price index, from 1996 to 2010. The 
methodology used in the study included Johansen cointegration test, vector error correction model and Granger 
causality test. The results of the study indicate that the ZAR is a commodity currency, but the strength of the 
relationship identified is weaker than other countries that export commodities, the example of Australia was 
mentioned. 
 
Other studies which included commodities as part of the study have varying objectives and comparative datasets. A 
number of studies have been done between commodities datasets. Harri, Nalley and Hudsen [7] explored the 
relationship between oil, exchange rates and commodity prices. Analysis of the data included the Johansen Trace 
cointegration test, Error Correction Model and Granger causality test. The data analysed in the study was monthly 
observations from January 2000 to September 2008. The empirical evidence suggests that there is an interrelating 
link between exchange rates, corn and oil prices.  
 
Co-movements of several variables, namely the World Gold Price, World Oil Price, United States Stock Price 
(Dow-Jones Industrial Index, and the real exchange rate for the United States Dollar was investigated by Samanta 
and Zadeh [13]. Daily closing prices from January 1989 through to September 2009 were included in the study. The 
method used in the study included Johansen cointegration test, vector autoregression, Stock-Watson’s common 
trend test, Granger causality test and the Diebold and Yilmaz methodology. The analysis of the data shows that 
initially the existence of co-movements are present between the datasets, but further analysis indicates that the stock 
price and the gold price tend to move on their own, however the oil price and exchange rates are affected by other 
variables. 
 
Bhunia [3] explored the relationships between two commodity market indexes, the world crude index and the Indian 
gold price as well as the stock market index of the Bombay stock exchange, sensex. Daily closing prices from 2 
January 1991 to 31 December 2012 were used in the study. The Johansen multivariate cointegration test and the 
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Granger causality test was utilised in the study. The results of the analysis show that there is a cointegration 
relationship in the long run between the included variables. 
 
The long-term relationship between the price of crude oil and four vegetable oils, being palm, sunflower, soyabean 
and rapeseed oils prices were investigated by Hameed and Arshad [6]. The sample period included in the study was 
from January 1983 to March 2008, using monthly data. The Johansen cointegration test and Granger causality test 
were used to analyse the data in the study. The results of the study indicated that there is a long run relationship 
between the price of crude oil and the prices of the vegetable oils. 
 
Booth and Ciner [4] explores alternative explanations of long-term comovements between the prices of agricultural 
commodity futures on the Tokyo Grain Exchange. The time period included in the analysis was the daily closing 
prices on the Tokyo Grain Exchange from the beginning of July 1993 to the end of March 1998. The commodities 
which formed part of the study was corn, redbean, soybean and sugar. The Johansen cointegration test, including the 
vector autogression model was included in the study. The empirical findings show that only the prices of corn and 
soybean contracts are cointegrated.  
 
Bhar and Hamori [2] relooked at the study done by Booth and Ciner [4], for a more recent period, from 1 August 
1994 to 29 December 2003. The data was analysed over the full period as well as over two sub-sample periods, 1 
August 1994 to 28 December 1999 and 4 January 2000 to 26 December 2003. The sub-sample period of 2000 to 
20003 showed a cointegrating relationship, whereas the earlier sub-sample period and the entire period from 1994 to 
2003 did not show a cointegrating relationship. 
 
The cointegration relationship of grain market prices of wheat and teff commodities in Northern Ethiopia was 
examined by Jaleta and Gebermedhin [8]. Bi-monthly retail price data from May 2006 to October 2008 was 
included in the study. Johansen cointegration test, vector autoregession Model, vector error correction model and 
Granger causality test was used to analyse the data. The results showed that a cointegration relationship was more 
evident for wheat retail prices. 
 
3. Methodology 
 
The study includes historical time-series data to investigate the relationships between the nine datasets. Econometric 
tests will be applied to the data. Initial movements between the datasets will be investigated by the use of correlation 
and single regression. The relationships to be investigated are: 
x Movements in each commodity price against movements in the FTSE/JSE Top 40 Index and vice-versa 
x Movements in each commodity price against movements in the ZAR and vice-versa 
x Movements in the FTSE/JSE Top 40 Index against movements in the ZAR and vice-versa 
 
Once the correlation and single regression are completed, the relationships will be further investigated by the use of 
multiple regressions, which is followed by the vector autoregression (VAR) model and Johansen cointegration test 
to determine if any long-run relationships exist (Asteriou and Hall [1], Johansen [9], Luetkepohl [11], Watson [15]). 
The analysis will be applied in a follow up paper that will investigate causality. 
 
4. Data 
 
Seven soft agricultural commodities are included in the paper, namely cocoa, coffee, corn, cotton, soyabean, sugar 
and wheat. These commodities will be compared to the FTSE/JSE Top 40 Index initially, followed by the 
comparison of the seven commodities and the FTSE/JSE Top 40 Index against the ZAR. All prices will be the daily 
spot prices available from the commodity benchmarks from the Thomson Reuters Datastream database. The sample 
period runs from 30 June 1995 to 26 January 2015, which amounts to 5107 data points. The sample period was 
chosen as not all datasets had data available before 30 June 1995. The nine datasets included in the paper was then 
analysed using EViews. 
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The alternative hypotheses for the datasets are: 
x Ha: There is a movement relationship between the commodity price and the FTSE/JSE Top 40 Index 
x Ha: There is a movement relationship between the commodity price and the ZAR 
x Ha: There is a movement relationship between the FTSE/JSE Top 40 Index and the ZAR 
x Ha: There is a movement relationship between a combination of the 9 datasets by means of single and multiple 
regressions 
x Ha: There is a movement relationship between a combination of the 9 datasets by means of VAR and Johansen 
cointegration test 
 
5. Empirical Results 
 
The graphical illustrations of the datasets, which includes the unchanged daily spot prices and log differenced 
graphs, are depicted in Figure 1.  
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Figure 1: Graphical representation of movement in the nine datasets 
Source: Researcher’s own data 
 
The correlation matrix in Table 1 shows that there is a strong positive correlation (0.80 and above) between the 
following dataset combinations: 
x Cocoa and soyabean 
x Corn and soyabean 
x Corn and wheat 
x Soyabean and wheat 
 
Table 1: Correlation Matrix 
 
  JSE40 Cocoa Coffee ZAR Corn Cotton Soyabean Wheat Sugar 
JSE40 1.000 0.764 0.367 0.640 0.685 0.272 0.753 0.733 0.700 
Cocoa 0.764 1.000 0.479 0.406 0.721 0.456 0.806 0.721 0.727 
Coffee 0.367 0.479 1.000 -0.264 0.617 0.735 0.617 0.530 0.695 
ZAR 0.640 0.406 -0.264 1.000 0.203 -0.261 0.266 0.208 0.152 
Corn 0.685 0.721 0.617 0.203 1.000 0.660 0.924 0.905 0.762 
Cotton 0.272 0.456 0.735 -0.261 0.660 1.000 0.638 0.580 0.632 
Soyabean 0.753 0.806 0.617 0.266 0.924 0.638 1.000 0.885 0.758 
Wheat 0.733 0.721 0.530 0.208 0.905 0.580 0.885 1.000 0.698 
Sugar 0.700 0.727 0.695 0.152 0.762 0.632 0.758 0.698 1.000 
Source: Researcher’s own data 
 
The descriptive statistics of the nine datasets are shown in Table 2.  
 
Table 2: Descriptive Statistics (30 June 1995 to 26 January 2015) 
 
  JSE40 Cocoa Coffee Corn Cotton Soyabean Wheat Sugar ZAR 
 Mean 9.53 7.52 0.10 1.12 -0.48 2.04 1.42 -2.14 7.33 
 Median 9.40 7.45 0.14 1.04 -0.48 1.98 1.36 -2.18 7.17 
 Maximum 10.76 8.22 1.28 2.14 0.74 2.89 2.48 -1.12 13.47 
 Minimum 8.27 6.65 -1.04 0.37 -1.34 1.35 0.65 -3.06 3.61 
 Std. Dev. 0.71 0.37 0.46 0.45 0.32 0.40 0.39 0.44 1.90 
 Skewness 0.06 -0.12 -0.39 0.53 0.49 0.27 0.23 0.17 0.28 
 Kurtosis 1.56 2.25 2.75 2.15 4.26 1.80 2.05 2.13 2.72 
 Jarque-Bera 442.79 131.35 144.32 394.17 539.72 369.12 239.03 185.06 83.08 
 Probability 0 0 0 0 0 0 0 0 0 
 Sum 48659 38380 510 5738 -2442 10421 7235 -10954 37416 
 Sum SqDev 2580 698 1096 1020 527 801 794 996 18387 
 Observations 5107 5107 5107 5107 5107 5107 5107 5107 5107 
Source: Researcher’s own data 
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The Augmented Dickey-Fuller (ADF) (Dickey and Fuller [5]) and Phillips-Perron (PP) (Perron [12]) tests were run 
to test for unit roots, which determines if the time series included in the study are stationary or not stationary. The 
null hypotheses are: 
x ADF test: variable has a unit root 
x PP test: variable has a unit root 
 
The results of the test ADF and PP tests are presented in Table 3. 
 
Table 3: Unit Roots Test using the Augmented Dickey-Fuller method  
 
ADF: 1st Difference PP: 1st Difference 
  Intercept Trend and Intercept Intercept Trend and Intercept 
JSE40 -68.2739* -68.2675* -68.2160* -68.2092* 
Cocoa -75.1518* -75.1453* -75.1518* -75.1454* 
Coffee -71.4297* -71.4279* -71.4821* -71.4825* 
Corn -70.6886* -70.6818* -70.7213* -70.7146* 
Cotton -71.5026* -71.5005* -71.5167* -71.5146* 
Soyabean -66.1725* -66.1661* -103.5869* -103.5764* 
Wheat -76.7802* -76.7739* -76.9092* -76.9031* 
Sugar -78.8576* -78.8552* -78.8364* -78.8345* 
ZAR -52.4269* -52.4220* -70.2109* -70.2042* 
Source: Researcher’s own data 
An Asterisk (*) indicates that the null hypothesis of a unit root is rejected (at a 1% significance level).  
 
The unit root tests indicate that all the variables are stationary at first difference at a 1% significance level. This 
specifies that the single and multiple regressions need to be run using data that is logged. The single regression 
outputs are summarised in the following tables. 
 
Table 4: Summary of Single Regression outputs above 0.65 
 
Dependent  Independent R-Squared F-stat Prob t-stat Prob 
Soyabean Cocoa 0.6500 9482.4830 0.0000 97.3780 0.0000 
Soyabean Corn 0.8534 29727.0300 0.0000 172.4153 0.0000 
Wheat Corn 0.8183 22986.0100 0.0000 151.6114 0.0000 
Wheat Soyabean 0.7832 18442.1700 0.0000 135.8020 0.0000 
Source: Researcher’s own data 
 
The following relationships indicate a strong relationship as the R-Squared results are above 0.65 as displayed in 
Table 4 which is in line with the four relationships which showed a high correlation shown in Table 1: 
x Soyabean and cocoa 
x Soyabean and corn 
x Wheat and corn 
x Wheat and soyabean 
 
The indication that relationships exist in the single regression analysis, requires investigation into the relationships 
between multiple datasets. Table 5 shows that there is a statistical significant relationship between both relationships 
investigated. 
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Table 5: Multiple Regression outputs  
 
Independent 
Variable 
Dependent 
Variable 
Adjusted   
R-Squared 
F-Stat Intercept 
Intercept t-
stat 
Independent 
Coefficient 
Independent 
t-stat 
Cocoa 
Coffee 
Corn 
Cotton 
Soyabean 
Sugar 
Wheat 
JSE 40 0.766844 2400.07* 5.355483 29.88552* 0.42153 
-0.111532 
-0.345755 
-0.835339 
0.764129 
0.682312 
0.64164 
17.4047* 
-6.46809* 
-10.07295* 
-34.60246* 
19.58305* 
33.07899* 
21.11644* 
Independent 
Variable 
Dependent 
Variable 
Adjusted   
R-Squared 
F-Stat Intercept 
Intercept t-
stat 
Independent 
Coefficient 
Independent 
t-stat 
Cocoa 
Coffee 
Corn 
Cotton 
Soyabean 
Sugar 
Wheat  
JSE 40  
ZAR 0.7740 2187.31* -2.5974 -35.7585* 0.1371 
-0.265835 
0.268358 
-0.074408 
0.007848 
-0.130006 
-0.415838 
0.368136 
14.7033* 
-41.0620* 
20.7038* 
-7.4181* 
0.518745 
-15.2948* 
-35.0974* 
70.3036* 
Source: Researcher’s own data 
Note: All variables were logged 
*Statistically significant at 1% level of significance 
 
In Table 5 the Adjusted R-squared indicates that the model does not explain a very large portion of the total 
variation in the dependent variable for the FTSE/JSE Top 40 Index and the ZAR as the dependent variables. In the 
model with the FTSE/JSE Top 40 Index as the dependent variable, cotton causes the largest percentage change with 
a coefficient of -0.835339. Apart from being the largest, it also has a negative relationship with the FTSE/JSE Top 
40 Index. The model with the ZAR as the dependent variable indicates that wheat causes the largest percentage 
change at -0.415838.  
 
The results for the VAR model and Johansen cointegration test will be discussed in order to determine if the datasets 
are cointegrated. The first VAR model and Johansen cointegration test shown below will be for the relationship 
between the FTSE/JSE Top 40 Index and the seven commodities, with an optimal lag length of four lags. The 
optimal lag length was determined by the sequential modified LR test statistic (each test at 5% level), Final 
prediction error, the Akaike information criterion, the Schwarz information criterion and the Hannan-Quinn 
information criterion. The results for the ZAR against the FTSE/JSE Top 40 Index and seven commodities, with two 
lags as the optimal lag length will be shown thereafter. The optimal lag length was determined by the Schwarz 
information criterion and the Hannan-Quinn information criterion. The VAR model was estimated using three and 
two lags respectively. 
 
The VAR indicates that there are 50 significant relationships. The following significant explanatory variables and 
related lag periods are: 
x FTSE/JSE Top 40 Index: FTSE/JSE Top 40 Index (-1, -3, -4), coffee (-4), cotton (-1)  
x Cocoa: FTSE/JSE Top 40 Index (-1, -2), cocoa (-1, -2), corn (-1, -2), cotton (-1, -4), sugar (-1)  
x Coffee: FTSE/JSE Top 40 Index (-1, -2, -4), coffee (-1, -3), cotton (-1), wheat (-1, -2), sugar (-1, -2)  
x Corn: Corn (-1, -4), cotton (-1) 
x Cotton: Corn (-3), cotton (-1) 
x Soyabean: Corn (-1, -4), cotton (-1), soyabean (-1, -2, -3, -4), wheat (-1, -2) 
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x Wheat: Corn (-3), cotton (-1, -2, -4), wheat (-1, -2) 
x Sugar: Coffee (-1, -2), corn (-1), cotton (-2), sugar (-1, -2) 
 
Table 6: Summary of all assumptions of the Johansen cointegration test 
 
Data Trend: None None Linear Linear Quadratic 
Test Type No Intercept Intercept Intercept Intercept Intercept 
  No Trend No Trend No Trend Trend Trend 
Trace 0 0 0 0 1 
Max-Eig 0 0 0 0 0 
Source: Researcher’s own data 
Selected (0.05 level*) Number of Cointegrating Relations by Model 
*Critical values based on MacKinnon-Haug-Michelis (1999) 
 
Table 6 illustrates that is a cointegrating relationship when the data is quadratic, testing intercept and trend. 
 
Table 7: Maximum Eigenvalue Statistics and Trace Statistics 
 
Hypothesized number of 
Cointegrating Equations 
Eigenvalue Trace Statistic 5% Critical Value Prob 
None*  0.010116 180.8395 175.1715 0.0243 
At most 1 0.007048 128.9635 139.2753 0.1704 
At most 2 0.005275 92.87581 107.3466 0.3005 
At most 3 0.004187 65.89337 79.34145 0.3323 
Hypothesized number of 
Cointegrating Equations 
Eigenvalue 
Maximum Eigenvalue 
Statistic 
5% Critical Value Prob 
None 0.010116 51.87607 55.72819 0.1156 
At most 1 0.007048 36.08767 49.58633 0.5814 
At most 2 0.005275 26.98244 43.41977 0.8112 
At most 3 0.004187 21.40945 37.16359 0.8319 
Source: Researcher’s own data 
* Statistically significant at a 5% level of significance 
 
Table 7 shows the maximum eigenvalue statistics and trace statistics when an intercept and a trend were included. 
Only the null hypothesis based on the trace statistic of no cointegrating equations can be rejected. 
 
The results for the relationship between the ZAR and the FTSE/JSE Top 40 Index and seven commodities are 
summarised below.  
 
The VAR test indicates that there are 58 significant relationships. The following significant explanatory variables 
and related lag periods are: 
x ZAR: ZAR (-1, -2), corn (-1, -2), cotton (-1, -2) 
x FTSE/JSE Top 40 Index: FTSE/JSE Top 40 Index (-1, -2), cotton (-1, -2) 
x Cocoa: ZAR (-1, -2), FTSE/JSE Top 40 Index (-1, -2), cocoa (-1, -2), coffee (-2), corn (-1, -2), cotton (-1, -2), 
sugar (-1, -2) 
x Coffee: ZAR (-1, -2), FTSE/JSE Top 40 Index (-1, -2), coffee (-1), cotton (-1, -2), wheat (-1, -2), sugar (-1, -2) 
x Corn: Corn (-1), sugar (-1, -2) 
x Cotton: Cotton (-1) 
x Soyabean: Corn (-1, -2), cotton (-1, -2), soyabean (-1, -2), wheat (-1, -2) 
x Wheat: ZAR (-1, -2), cotton (-1, -2), wheat (-1, -2) 
361 Corlise le Roux /  Procedia Economics and Finance  24 ( 2015 )  353 – 362 
x Sugar: coffee (-1, -2), corn (-1, -2), sugar (-1, -2) 
 
Table 8: Summary of all assumptions of the Johansen cointegration test 
 
Data Trend: None None Linear Linear Quadratic 
Test Type No Intercept Intercept Intercept Intercept Intercept 
  No Trend No Trend No Trend Trend Trend 
Trace 0 0 0 0 1 
Max-Eig 0 0 0 0 0 
Source: Researcher’s own data 
Selected (0.05 level*) Number of Cointegrating Relations by Model 
*Critical values based on MacKinnon-Haug-Michelis (1999) 
 
The Johansen cointegration test in Table 8 shows that there is a cointegrating relationship when the data is quadratic, 
testing intercept and trend. 
 
Table 9: Maximum Eigenvalue Statistics and Trace Statistics 
 
Hypothesized number of 
Cointegrating Equations 
Eigenvalue Trace Statistic 5% Critical Value Prob 
None*  0.011227 217.5707 215.1232 0.038 
At most 1 0.008097 159.9452 175.1715 0.2361 
At most 2 0.005982 118.4486 139.2753 0.421 
At most 3 0.005232 87.82581 107.3466 0.4611 
Hypothesized number of 
Cointegrating Equations 
Eigenvalue 
Maximum Eigenvalue 
Statistic 
5% Critical Value Prob 
None 0.011227 57.62558 61.8055 0.1197 
At most 1 0.008097 41.49659 55.72819 0.5886 
At most 2 0.005982 30.62277 49.58633 0.8834 
At most 3 0.005232 26.77421 43.41977 0.8223 
Source: Researcher’s own data 
* Statistically significant at a 5% level of significance 
 
Table 9 shows the maximum eigenvalue statistics and trace statistics when an intercept and a trend were included. 
The null hypothesis based only on the trace statistic of no cointegrating equations can be rejected. 
 
6. Conclusion and implications 
 
The relationships between seven soft agricultural commodities, namely cocoa, coffee, corn, cotton, soyabean, sugar 
and wheat; and the FTSE/JSE Top 40 Index was investigated. The relationship between the seven commodities and 
the FTSE/JSE Top 40 Index against the ZAR was also investigated to determine the impact of the variables on the 
ZAR. 
 
The empirical results of the study indicate that there are significant relationships in both the short and long run of the 
nine financial datasets included. The first set of hypotheses related to the movement relationships present between 
the datasets according to the correlation and single regression results; show the following relationships are present: 
x Soyabean and cocoa 
x Soyabean and corn 
x Wheat and corn 
x Wheat and soyabean 
362   Corlise le Roux /  Procedia Economics and Finance  24 ( 2015 )  353 – 362 
 
In the multiple regression results, the largest percentage change in the FTSE/JSE Top 40 Index as the dependent 
variable is caused by cotton and the largest percentage change in the ZAR is caused by wheat. 
 
The Johansen cointegration test indicates that there is a cointegrating relationship between both models investigated. 
A cointegrating relationship exists between the seven soft agricultural commodities, namely cocoa, coffee, corn, 
cotton, soyabean, sugar and wheat; and the FTSE/JSE Top 40 Index. A cointegrating relationship also exists 
between the seven commodities and the FTSE/JSE Top 40 Index against the ZAR. 
 
Further opportunities for study include further analyses of soft agricultural commodities as well as similar study on 
chemical and energy commodities. The results of the study are important to market participants as the movement in 
the commodity price does have an effect on the FTSE/JSE Top 40 Index and the ZAR which influences the money 
supply in South Africa. 
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